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Abstmct: A procedure is described for the preparation of two thymidine analogues in which the O%arbonyl is dkleted 
f&T) or converted to an @-thione (ak?). The phosphoramidites of these nucleosides have been synthesized and used 
to incotporare the analogues site-spec&xlly into oligo&oxynucleotide sequences. 

There is increasing interest in the synthesis of nucleoside aualogues and their incorporation into DNA sequences 

for the study of ligaud-DNA* and protein-DNA interactions. 2 A variety of nucleoside derivatives have been prepared that 

result in the deletion, or change in the nature, of the functional groups present on the heterocyclic bases. Such analogues 

permit the synthesis of oligodeoxynucleotides in which a single functional group at a preselected position has been deleted 

or otherwise altered. For the pyrimidine nucleosides, the base analogues prepared have genetally involved the deletion or 

alteration of the N4-amino group, the O‘t-carbonyl or the Cg-methyl group. ‘Ihe simplest such “deletion modification” 

involves excision of the thymine methyl group by the site-specific replacement of thymidine with 2’-deoxyuridine in the 

DNA sequence of interest.3 The deletion of the amino or carbonyl functional group at the 4-position of the pyrEdine 

nucleosides dC and dT can be accomplished with the synthesis and incorporation of the 2-pyrimidinone nucleosides as 

we” and others5 have described. A series of related reports also describe the preparation of Qthiopyrimidine derivatives 

as a route to alter the hydrogen bonding character of the 04carbonyl as an alternative to deletion of the functional 

group.5.6 

In the present report, we describe the synthesis of oligodeoxynucleotides containing two thymidine analogues in 

which the @-carbony has been deleted or converted to the corresponding thione. This has been accomplished by the 

synthesis of 2-thiothymidine (3) and Imethyl-4-pyrimidinone2’-deoxyriboside (5) and the conversion of both 

derivatives into the corresponding phosphoramidites 4 and 6. The synthesis of Zthiothymidine has been described by 

Faeber and Scheit’ using the procedures originally developed by Todd and coworkers.8 In this pathway, 3’0 

acetylthymidine (1) was converted to the anhydro derivative 2 via Sdeoxy-S-iodo-3’-0-acetylthymidine (see Scheme, 

following page). The cyclic anhydro compound 2 was treated with H2S in dimethylformamide under pressure to produce 

2-thiothymidine in 42% yield.9 Reaction of 2-thiothymidine with 4,4’dimethoxytrityl chloridelo followed by p 

cyanoethoxydiisopropyl-aminochlorophospinell using essentially standard protocolst* yielded 4.13 Ogihara and 

Mitsunobu have described a procedure for the desulfurixation of 2-thiouridines using dipotassium diamnedicarboxylate or 

a related procedure employing N$-l4/H2O$ZuSO4. I4 These reactions functioned well to desulfurize 2-thiothymidine (3) 

in small quantities under the conditions described. However, in our hands desulfurization with Raney nickel proved to be 

the most efficient procedure. Raney nickel can be used to desulfurixe purinesrs but has not generally resulted in consistent 

yields in the desulfurixation of pyrimidines such as Cthiopyrimidines. l6 We examined the desulfurixation of 3 using 
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Figue 1. Cawasion of 3’-O-acelylthymidine to the phosphoram id&e derivatives of 69% and (LH*T. conditions for the react&s WQC as 

fogows: i) CH3P(OC&I5)31. dimethylfonnamkie: ii) CH#ZOO-+Ag. acetonitrile; iii) H2.S. dimethylfomramide, Triethylamine. -78 %I; iv) 

Mr&rxtlic ammoaia: v) DMT-Cl. @dine; vi) [(CH3)$2H]2IW(Cl)OCH~CH$IN. dichloromethane. diisopropykthylamine.; vii) Rsncy Ni. 

Hfl. 50 w: viii) DMT-CI, pyridine: ix) [(CH~)~H12Np(Cl)ocH~H$N dichhxnethane. dihpropylethjhmine. 

Raney nickel and observed that the reaction prooaeded rapidly and efficiently to generate the 5-methyl-4-pyrimidinone 5 in 

a 61% isolated yield.t7 The pyrimidinone could be smoothly converted to the phosphoramidite 6 by reaction with 4,4’- 

dimethoxytrityl chloriders and i3-cyanoethoxydiisopropylaminochlorophospine.*~ 

We examined the sensitivity of ds2T (3) and d$T (5) to three sets of conditions commonly experienced during 

the synthesis of DNA sequences: (i) dichloroacetic acid/dichloroethane. 20 min ambient temperature, (ii) 

I$l’IWH~O/iutidine, 30 min ambient temperature, and (iii) 28% aqueous ammonia, 18 h 50 Oc. TLC and HPLC 

analyses of these reaction mixtwes indicated that the d~q derivative was stable to each of the conditions over the period 

of time described. Treatment with acid had no effect upon ds?, and only -2% degradation of the nucleoside occurred 

after 18 h in aqueous ammonia (50 oc). However, dsq rapidly decomposed to a variety of products upon treatment with 

the iodine solution for 30 min. HPLC analysis after 30 min. indicated that Only 31% of the remalning material was d&, 

and a number of species were present including dT. 

Both phosphoramidite derivatives 4 and 6 were soluble in anhydrous acetonitrile and could be used to make a 

series of dodecamers using exactly the same concentrations and coupling conditions typically employed with the “normal” 

nucleosides. After assembly and deprotection of the oligodeoxynucleotides, they were isolated using procedures 

described previously.” The sequences obtained in this manner containing a single cIH~T residue chmmatographed as 

single species using reversed-phase HPLC columns. By comparison, sequences prepared with a single ds2T residue 

typically exhibited thme closely eluting peaks with the second peak being the major pmduct. A small quantity of each 

oligodeoxynucleotide was digested with a mixture of snake venom phosphodiesterase and bactekl alkahne phosphatase 

to confii that the base analogues had been incorporated into the sequences. HPLC analysis of the hydmlysate resulting 
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from the dodeuuw d[CGCCAAT(H2T)cGcG] indicated that one equivalent of dHzT was present in the sequence (Figum 

2a). The three HPLC analyses of the products resulting from the synthesis of d[CGCGAAT(s2T)CGcG] varied. 

Neither of the minor products contained signScant amounts of the analogue dsgT. The major product had the expected 

ratios of the common nucleosides and one equivalent of dsq, but also contained an unidentified residue eluting near 10 

min (see “2” Figure 2b). 
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Figure 2. HTW analysis d the hydrolysis of (a) d[CGCGAAT(HZT)CGCG] and (b) d[CGWiAT(&)CGCG].~l 

‘Ihe base analogue dtt2T could be incorporated site-specifically and efficiently into short oligodeoxynucleotides 

using stankrd pruzedures and this derivative should be valuable for the study of protein and/or ligand big in the 

minor groove of DNA sequences. By comparison. d& was generally unstable to the oxidation conditions employed in 

standard DNA synthesis procedutes. While it may be possible to prepare short sequences containing this analogue, 

compedng oxidation reactions may become problematic. 
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